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(5?) A carbon anode for a secondary battery in which a carbon active material of the carbon anode is 
covered with an amorphous carbon. 
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The present invention relates to a carbon anode for a secondary battery employing a carbon as an active 
material. 

Graphite forms an intercalation compound which has regularly stacking layer. By using this structure 
graphite has been studied as an anode for a secondary battery. Then, it is found that in a case where it is used 
5 in an electrolyte, for example, a carbon material of low crystallinity such as a carbon material (disclosed in Jap- 
anese Opened Patent No. 24555/1988) which is obtained by pyrolytically decomposing a hydrocarbon in a va- 
por phase and has a turbostratic structure and peculiar orientation is preferably used. 

However, in a case of the carbon material of low crystallinity. a potential of battery is largely varied as dopant 
is undoped. It is because capacity which can be used as a battery anode is reduced, and then it is difficult to 
10 produce a battery of high capacity. 

In fact, it is found that the variation in the potential is smaller and capacity which can be used as the battery 
anode is increased in a carbon material of higher crystallinity among carbon materials. 

However, as the crystallinity increases, it is supposed that charging efficiency is reduced because of de- 
composition of the electrolyte, and then the carbon structure (referring to Electrochem. Soc. 117. 222. (1970)) 
Such reduction of the charging efficiency is observed, for example, at a shoulder of potential curve in a case 
where the variation in potential vs. a charge amount divided by initial charging is plotted. The decomposition 
of the carbon structure is indicated by reduction of cyclic characteristics. 

The present invention provides a carbon anode for a secondary battery in which a carbon active material 
of the carbon anode is covered with an amorphous particle. 

Preferably, the amorphous carbon has a turbostratic structure. More preferably, an interlayer distance of 
the carbon having the turbostratic structure in the c-axis direction ranges 0.337 to 0.360nm and a peak ratio 
thereof ranges 0.4 to 1.0 at a ratio of 1360cm-' to 1580cm- 1 in argon ion laser Raman spectra. 

Thus, according to the present invention, a core of a carbon is forced of a carbon material of higher crys- 
tallinity in order to provide an anode material of high capacity and high density, so as to be employed as the 
*5 battery. 

Fig. 1 is a view showing a discharge curve; 

Fig. 2 is a view showing a preservation capacity; and 

Fig. 3 is a view showing a reaction apparatus used in embodiments of the present invention. 

In the present invention, the carbon active material is covered with not different substance of carbon but 
carbon itself of low grade structure. The skin structure on the carbon surface shows amorphous like as ex- 
tremely low crystallinity and small crystal size , and its orientation is rather in disorder. Thus, this carbon struc- 
ture is called turbostratic structure. Otherwise a core structure of the carbon shows high crystallinity and com- 
paratively large particle size. 

An amorphous carbon is a carbon of low crystallinity. which includes laminate irregularities on a carbon 
surface, an extremely small crystallite formed of a carbon atom of sp 2 hybrid orbital, another carbon atom of 
except the sp 2 hybrid orbital and the like. 

A carbon anode material for a secondary battery preferably has a turbostratic structure in which an amor- 
phous carbon has a laminate irregularities on a carbon surface. 

The carbon of the turbostratic has the following characteristics in an X-ray diffraction pattern. 

1. A (00I) diffraction pattern is broad and its position is shifted to a low angle as compared with graphite. 
Namely, an interlayer distance is larger, tailing to the low angle side and showing asymmetrical profile. 

2. An (hk) diffraction is rather broad, sharply rising on the low angle side, long tailing to the high angle side 
and showing asymmetrical profile. 

3. An (hk!) diffraction is not recognized. 

It is preferable to employ the carbon material having the turbostratic structure as the carbon anode for the ^ 
secondary battery, in which an interlayer distance in the c-axis ranges 0.337 to 0.360nm and a peak ratio rang- L ' 
es 0.4 to 1 .0 in a ratio of 1 360crrr 1 to 1 580cm- 1 in argon ion laser RamanTpeclra^oT^referably, the interlayer 
distance in the c-axis direction ranges 0.343 to 0.355nm. 

In addition, the above interlayer distance in the c-axis direction is found from a diffraction angle of a peak 
position of the (001) diffraction. 

Since the carbon anode material for the secondary battery has the above structure, a carbon material of 
higher crystallinity can be employed. More specifically, it is possible to prevent reduction of charging efficiency 
and decomposition of a carbon structure, which is supposedly caused by decomposition of electrolyte in a case 
where the carbon material of high crystallinity is employed. It is preferable that the amorphous carbon covering 
the surface is as thin as possible and its core is formed of a carbon of high crystallinity. In addition, it is more 
preferable to employ a carbon material of high crystallinity. in which an interlayer distance in the c-axis direction 
ranges 0.335 to 0.340nm and a peak ratio ranges under 0.4 in a ratio of 1360cm- 1 to 1580cm- 1 in argon ion 
laser Raman spectra. In addition, the interlayer distance in the c-axis direction is found from an diffraction angle 
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at a peak position of the (00I) diffraction. 

Thus, the inventors of the present invention found that when even a carbon in which its core is formed of 
high crystallinity and charging efficiency is reduced by decomposition of electrolyte is covered with the amor- 
phous particle and worked as an anode active material of the secondary battery, such reduction is not gener- 
5 ated and decomposition does not occur. 

The above effect can be more remarkable when the amorphous carbon has a turbostratic structure and it 
is further remarkable when the carbon in which an interlayer distance in the c-axis direction ranges 0.337 to 
0.360nm and a peak ratio ranges 0.4 to 1.0 at a ratio of 1360cm- 1 to 1580cm- 1 in argon ion laser Raman spectra 
is employed. 

w In addition, referring to the carbon material of high crystailinity in which an Interlayer distance in the c-axis 

direction ranges 0.335 to 0.340nm and a peak ratio is 0.4 or less at a ratio of 1360cm- 1 to 1580cm- 1 in argon 
ion laser Raman spectra, the discharge curve shows plateau in which variation in potential caused by undoping 
of dopant hardly occurs and carbon material is formed as a stable anode at a low potential. 

15 EXAMPLE 

The present invention will be described in detail in reference to embodiments in which anode for a lithium 
secondary battery is employed. 

20 Example 1 

- A carbon material was formed in a reaction apparatus shown in Fig. 3. First, graphite (KS44 made by LON- 
ZA Ltd.) powder of 50mg was placed, and then argon gas and propane gas were supplied from a argon supply 
line 1 and a propane supply line 2, respectively. Then, a propane concentration of raw gas was set to 10 mole% 

25 by handling needle valves 3 and 4. Flow velocity of the raw gas was set to 12.7 cm/min and an amount of supply 
of propane was set to 0.05 mol/h. In addition, a hydrocarbon or its derivatives other than propane may be used 
as a raw material. More specifically, an aliphatic hydrocarbon, an aromatic hydrocarbon, an alicyclic hydrocar- 
bon or the like may be used. Further specifically, methane, ethane, butane, benzene, toluene, naphthalene, 
acetylene, biphenyl and substitution products thereof may be used. In a reaction tube 5 was a holder 6 formed 

30 of a quartz plate and a heating furnace 7 was provided around the reaction tube 5. The holder 6 and the graphite 
powder are heated by the furnace 7 at approximate ly 750°C. whereby propane supplied from a pyrex tube 8 
was pyrolytically decomposed and then a pyrolysis carbon was deposited on the surface. Residual gas after 
pyrolysis was removed by an exhaust system and pyrolysis time was set to 2 hours. Thus, a carbon powder 
of 80mg was provided. In addition, for reference, a carbon provided in the same condition as above through 

35 the pyrolysis time of 30 minutes was also taken out. Crystallinity of both were evaluated in X-ray diffraction 
and Raman scattering. Its results are shown in the following table 1. 



40 



Pyrolysis t. i_me c(nrn) R Remarks 

3 0 minutes 0.3 35 0.18 

45 2 hours 0.2 33 0.5 4 Lew angle side : Broad 



The carbon of 35.1 mg obtained through 2-hour pyrolysis time was mixed with a polyolefin binder of 5wt% 
50 and then they were hot pressed on a nickel mesh at 1 20°C bv 400Kg/cm 2 . Then, a pellet diameter was 15mm 
and then an electrode A was made. 

Example 2 

55 A carbon is deposited on the same condition in the same apparatus as above using a nickel powder (200 

mesh) as a substrate, Th result of evaluation of the structure of the carbon thus obtained is shown in the fol- 
lowing table 2. Crystallinity is high at the initial stage of deposition because of a nickel catalysis. On the surface 
there is no effect of catalyst and the surface is covered with an amorphous carbon having a turbostratic struc- 
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ture which is characteristic to a pyrolysis carbon. 



Pyrolysis time d(nm) 



R 



Remarks 



10 



1S 



20 



3 0 minutes 
2 hours 



0. 237 
0 .335 



0.23 
0.49 



Low angle side : 3road 



An electrode 8 was produced through approximate 2-hour pyrolysis time in the same manner as that of 
the electrode A. 

Although the thus electrodes produced are formed of a composite of carbon particles, in which its core is 
formed of high crystallinity and its skin is formed of amorphous partide. it is also available for a composite of 
carbon layers, in which an inner layer is made of high crystallinity carbon on a metal substrate and an outer 
layer is covered with thin amorphous carbon. 

Variation 1 

A carbon material was made in the same manner as that of the example 2 except that a quartz substrate 
was used as a substrate for deposition. Then, an electrode C was made in the same manner as that of the 
example 1 . The result of evaluation of the carbon is shown in the following table 3. It is not found that the carbon 
has a turbostratic structure. 
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Pyrolysis time d(nm) 



Remarks 



30 



3 0 minutes 
2 hours 



0. 346 
0 -346 



0 . 74 
0 . 75 



Broad 
Broad 



A charging and discharging test was performed using propylene carbonate solution containing lithium per- 
forate of 1 mol by using a three-electrode cells in which Li was a cathode and Li/Li* was a reference electrode 
A discharge curve at fifth cycle at this time is shown in Fig. 1. 

Thus, it is found that variation in potential in accordance with undoping of dopant is great and capacity used 
as a oattery is small in a case of a carbon material of low crystallinity. while the variation in potential is small 
and the capacity used as the battery is great in a case of a carbon material of high crystallinity 

In addition, in a case where the graphite (KS44 made by LONZA Ltd.) is used as the electrode, charging 
in th IS system is almost impossible but charging efficiency at the initial stage is not reduced and the electrode 
is not decomposed in the electrode A. 

Thus, it is found that a carbon material covered with an amorphous particle in surface, in which an active 
material on the carbon surface is in contact with an electrolyte, is used as an anode in a case where an organic 
electrolyte is used. More preferably, it is found that the carbon material has a turbostratic structure having ir- 
regularis on the carbon surface. In addition, it is preferable that an interlayer distance of the carbon material 
having the turbostratic structure in a c axis direction ranges 0.337 to 0.360nm and a peak ratio thereof ranges 
0.4 to 1 .0 at a ratio of 1 360crrr< to 1580cm-' in argon ion laser Raman spectra. More preferably, the interlayer 
distance in the c axis direction ranges 0.343 to 0.355nm. In addition, the interlayer distance in the c axis di- 
rection is found from a diffraction angle at a peak position of the broad (00I) lattice diffraction. The above effect 
is confirmed through many experiments using lithium as dopant. 

Then, respective electrodes are charged with a constant current to 0V vs. Li/UVand then preserved for 
three months. Thereafter, each preserved capacity of the electrodes is measured and shown in Fig. 2. Then 
it is found that each self-discharge in the electrodes A and B is small. 

As can be seen from the above results, in a case of the electrode comprising the carbon material of high 
crystallinity m which an interlayer distance in the c axis direction ranges 0.335 to 0.340nm and a peak ratio is 
0.4 or less at a ratio of 1360cm-' to 1580cm-' in argon ion laser Raman spectra, since discharge curve shows 
many plateau in which there is almost no variation in potential caused by undoping of dopant, the electrode 
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shows a stable anode at a low potential and its self-discharging is small. 

In addition, the carbon material in accordance with the present invention can be made by a method in which 
graphite particles are soaked into liquid such as tar or pitch and then fired. 

As described above, according to the present invention, a solvent is prevented from decomposing on an 
5 electrode surface, a carbon structure is prevented from being decomposed and the carbon material of high 
crystallinity can be used, whereby charging and discharging capacity can be increased at a low potential. As 
a result, there can be provided an anode for a lithium secondary battery which is superior in cyclic character- 
istics. 

While only certain presently preferred embodiments have been described in detail, as will be apparent with 
10 those skilled in the art. certain changes and modifications can be made without departing from the scope of 
the invention as defined by the following claims. 



Claims 
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1. A carbon anode for a secondary battery in which a carbon active material of the carbon anode is covered 
with an amorphous carbon. 

2. A carbon anode for a secondary battery according to claim 1, wherein said amorphous carbon has a tur- 
20 bostratic structure. 

3. A carbon anode for a secondary battery according to claim 2, wherein said carbon of the turbostratic struc- 
ture has an interlayer distance ranging 0.337 to 0.360nm in the c axis direction and a peak ratio ranging 
0.4 to 1.0 at a ratio of 1360cm- 1 to 1580cm- 1 in argon ion laser Raman spectra. 
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4. A carbon anode for a secondary battery according to claim 1, in which a core structure of said carbon 
active material is high crystallinity. 

5. A carbon anode for a secondary battery according to claim 1, wherein the secondary battery is lithium 
secondary battery. 
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